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Background: Bone mass density is an important parameter used in the estimation of the sever- 
ity and depth of lesions in osteoporosis. Estimation of bone density using existing methods in 
experimental models has its advantages as well as drawbacks. 

Materials and methods: In this study, the X-ray histogram edge detection technique was 
used to estimate the bone mass density in ovariectomized rats treated orally with germinated 
brown rice (GBR) bioactives, and the results were compared with estimated results obtained 
using Archimede's principle. New bone cell proliferation was assessed by histology and 
immunohistochemical reaction using polyclonal nuclear antigen. Additionally, serum alkaline 
phosphatase activity, serum and bone calcium and zinc concentrations were detected using a 
chemistry analyzer and atomic absorption spectroscopy. Rats were divided into groups of six as 
follows: sham (nonovariectomized, nontreated); ovariectomized, nontreated; and ovariectomized 
and treated with estrogen, or Remifemin®, GBR-phenolics, acylated steryl glucosides, gamma 
oryzanol, and gamma amino-butyric acid extracted from GBR at different doses. 
Results: Our results indicate a significant increase in alkaline phosphatase activity, serum 
and bone calcium, and zinc and ash content in the treated groups compared with the ovariecto- 
mized nontreated group (P < 0.05). Bone density increased significantly (P < 0.05) in groups 
treated with estrogen, GBR, Remifemin*, and gamma oryzanol compared to the ovariectomized 
nontreated group. Histological sections revealed more osteoblasts in the treated groups when 
compared with the untreated groups. A polyclonal nuclear antigen reaction showing proliferat- 
ing new cells was observed in groups treated with estrogen, Remifemin®, GBR, acylated steryl 
glucosides, and gamma oryzanol. There was a good correlation between bone mass densities 
estimated using Archimede's principle and the edge detection technique between the treated 
groups (r 2 = 0.737, P = 0.004). 

Conclusion: Our study shows that GBR bioactives increase bone density, which might be via 
the activation of zinc formation and increased calcium content, and that X-ray edge detection 
technique is effective in the measurement of bone density and can be employed effectively in 
this respect. 

Keywords: Archimede's principle, atomic absorption spectrophotometry, X-ray edge detection 
technique, bone mass density, germinated brown rice bioactives 

Introduction 

Traditionally, dual X-ray absorptiometry and Archimede's principle are employed 
in the measurement of bone mass density (BMD) in biomedical research. The use of 
dual X-ray absorptiometry to measure bone density has become very popular over 
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the years, and although a significant correlation was obtained 
when comparing BMD using dual X-ray absorptiometry 
and Archimede's principle in rats, the precision, accuracy, 
and sensitivity of this method in bone density determination 
remains a topic of concern. 1 

Previous research has revealed that a progressive decline 
in BMD occurs with estrogen deficiency at menopause, 
exposing women to a greater risk for the development of 
osteoporosis. 2,3 Postmenopausal osteoporosis is now a world- 
wide problem, and the conventional treatment of estrogen 
replacement and other related chemotherapy are reported 
to be associated with side effects ranging from alterations 
in physiology to therapy-related cancers. 4-6 Fisher et al 7 
described osteoporotic fracture as an important public health 
issue with increasing morbidity, mortality, and prevalence. 
In the United States alone, osteoporosis affects an estimated 
1 0-28 million Americans over the age of 50, with 33 million 
people, mostly women, having low bone density and close 
to 1 .2 million bone fractures being related to osteoporosis. 8,9 
In view of this, natural products, especially phytoestrogens, 
are being explored as an alternative to hormone therapy 
for the management of osteoporosis and other related bone 
degenerative diseases. In this study, germinated brown rice 
(GBR), a rice with increased levels of bioactive compounds 
compared to polished rice and brown rice, with potential 
benefits in the management of chronic disease, was admin- 
istered to rats with the aim of studying its ability to protect 
bone from osteoporosis. Bone ash weight and calcium and 
zinc content were quantified and bone histology and poly- 
clonal nuclear antigen staining were used to detect new bone 
formation. BMD was estimated using Archimede's principle 
and was compared with edge detection X-ray morphometry 
in order to explore its applicability in measuring bone density 
in biomedical research. 

Materials and methods 

BERNAS Rice Company (Sri Tiram Jaya, Malaysia) sup- 
plied the brown rice. Cimicifuga racemosa (Remifemin® 
20 mg/tab) was procured from Schaper and B rummer GmbH 
(Salzgitter, Germany). Conjugated estrogen (Premarin® 
0.625 mg/tab) was obtained from Wyeth Medica Ireland 
(Newbridge, Ireland). Xylazine HC1 20 mg/mL and ketamine 
HC1 were obtained from Troy Laboratories (Smithfield, 
Australia). 

Animals, grouping, dosing, and frequency 

A total of 78 mature 12- week-old Sprague Dawley rats were 
procured from the Faculty of Veterinary Medicine, University 



Putra Malaysia (Selangor, Malaysia). They were acclimatized 
for 2 weeks before ovariectomy or sham operation. Six rats 
were assigned to each of the 13 treatment groups: group 
1: nonovariectomized nontreated (sham) negative control; 
group 2: ovariectomized nontreated positive control; group 
3: ovariectomized and treated with estrogen (0.2 mg/kg); 
groups 4 and 5: ovariectomized and treated with Remifemin® 
(10 and 20 mg/kg); groups 6-13: ovariectomized and treated 
with GBR, acylated steryl glucosides (ASG), gamma 
amino-butyric acid (GABA) or gamma oryzanol (ORZ) 
at two different doses (100 and 200 mg/kg). Extracts were 
administered by oral gavage once a day for 8 weeks. The 
entire animal study was carried out at the animal facility, 
Faculty of Medicine and Health Science, University Putra 
Malaysia. Rats were individually housed in plastic cages in 
a temperature and humidity controlled air-conditioned room 
(25°C-30°C) with exposure to a 12/12-hour light/dark cycle. 
The study was carried out according to the guidelines for the 
use of animals and was approved by the Animal Care and Use 
Committee (ACUC) of the Faculty of Medicine and Health 
Sciences, University Putra Malaysia. 

Bone mass density and diameter 
of the femur bone 

Femurs were isolated and freed from the surrounding 
muscles, and bone diameters (diameter of the femur in the 
distal % and diameter of the femur in the distal Yz) were 
determined using a KERNN 150 mm digital caliper (Kern 
and Sohn, Balingen, Germany). The bone mass density was 
estimated using both Archimede's principle and the X-ray 
edge detection technique. 

Archimede's principle 

The BMD of the left femur was calculated by measuring the 
mass of the bone in air and measuring the weight again after 
submerging in a specific volume of distilled water. From 
these two masses, the density was then calculated using the 
formula, 

d = (Wj/Wj - w 2 ) x P (1) 

where d is density, w is weight, Wj is weight in air, w 2 is 
weight in water, and P is density of distilled water at a given 
temperature and is expressed as g/cm 3 . 

X-ray morphometry 

The bones were placed on a grid view specimen container 
(CIRS, Norfolk, VA, USA) at the 3, 6, 9, and 12 o'clock 
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positions, and exposed to X-rays using a Philips Mammo 
diagnostic 3000 X-ray machine (Philips Healthcare, Andover, 
MA, USA) at controlled exposures of 62 kVp, 4 mAs. 

Automatic classification 
of bone structure 

We designed an algorithm that had the ability to classify the 
bone structure automatically as summarized in Figure 1. 
This algorithm was designed with MATLAB software 
(Math Works, Natick, MA, USA) and runs on a PC with a 
HP Pavilion Notebook dv6 computer (Hewlett-Packard, Palo 
Alto, CA, USA) with the following specifications: core i5, 
2.4 GHz processor speed, 520 M cache. According to the 
proposed algorithm, the original image obtained from the 
X-ray machine (Figure 2A) was filtered through a Wiener 
filter to remove the noise in the image. The filtered image 
was then divided into different subimages (Figure 2B). The 
local range filter and local entropy were applied to extract the 
features of this subimage. The local range filter was used to 
specify the magnitude of the gradient. Local range filtering 
was determined by calculating the difference between the 
maximum and minimum range values of the filtered window. 
Local range filtering has a short calculation time, as it oper- 
ates on only a small number of inputs for each output pixel. 10 
On the other hand, using local entropy will create a textured 
image wherein the local entropy is related to the variance in 
the grayscale in the neighborhood. The local entropy is larger 
for a heterogeneous region but smaller for a homogeneous 
neighborhood. Accordingly, the transition region will have 
larger local entropy values than those in nontransition regions 
of the image. 11 The weighted sum (v and w) of the magnitude 
of the gradient and the local entropy was used to calculate the 
pixels' importance and can be defined as follows, 



im (x, y) = v x entr (x, y) + w x gra (x, y) 



(2) 



where gra (x, y) and entr (x, y) are the magnitude of the 
gradient and the local entropy for pixel (x, y), respectively, 
and v and w are the weight for balancing the local entropy 
and the magnitude of gradient features, respectively. At this 
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Figure I Flowchart summarizing the proposed algorithm. 



stage, the grayscale subimage was converted to a binary 
image to obtain an image with two colors: white for the bone 
and black for the background of the subimage. To enable the 
classification process, the original grayscale X1-X7 (where 
XI denotes lower density and X7 denotes higher density) 
was converted to RBG (red, blue, green) color for easy 
identification, as shown in Figure 2C. The range of intensity 
in each block on the original grayscale was used as a train- 
ing set for k-nearest neighbor, which is a powerful method 
of nonparametric analysis. 12 There are three key elements 
of this approach: (1) a set of labeled objects, (2) a distance 
or similarity metric to compute distance between objects, 
and (3) the value of the number of nearest neighbor's k. To 
classify an unlabeled object, the distance of this object to 
the labeled objects is computed, and its k-nearest neighbors 
are identified; the nearest-neighbor list is thus obtained, 
the test object is classified based on the majority class of 
its nearest neighbors, and the class labels of these near- 
est neighbors are then used to determine the class label of 
the object. 12 ^ 14 The fractional percentage for the bone was 
calculated by taking each pixel in the bone and classifying 
it with k-nearest neighbor to specify each pixel's structure 
according to the classification range (X1-X7). Figure 2D-F 
show the segmentation process, the edge detection method, 
and classification, respectively. 

Measurement of serum zinc 
and calcium concentrations 

Blood was obtained from rats at 2, 4, and 8 weeks by cardiac 
puncture under anesthesia. Serum was collected by centrifu- 
gation at 3,000 rpm for 1 5 minutes and stored at -20°C. Zinc 
and calcium concentrations were analyzed using Randox 
analytical kits (Randox, Crumlin, UK) on a Selectra XL 
automated chemistry analyzer (Vita Scientific, Dieren, The 
Netherlands) according to the manufacturer's instructions. 

Bone ash weight, calcium 
and zinc content 

Bone calcium was determined by atomic absorption spec- 
trophotometry (S series GE7 12405 vl.30; Thermo Fisher 
Scientific, Waltham, MA, USA) using a procedure reported 
by Harrison et al, 15 with some modifications. Briefly, bone 
samples were dried at 100°C for 24 hours before they were 
ashed in a muffle furnace at 550°C-600°C for another 
24 hours and the ash weighed. The ash was pulverized into 
powder and hydro lyzed with 6 M HC1. The hydrolysate was 
then used to determine the calcium content at a wavelength 
of 422.7 nm, lamp current 100%, and a band pass and 
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Figure 2 Stages involved in the measurement of bone mass density using X-ray morphometry and edge detection technique in ovariectomized rats treated with germinated 
brown rice and its bioactives, estrogen, or Remifemin® for a period of 8 weeks. 

Notes: The stages shown are the original X-ray image (A), the division of the image into subimages (B), specification of the grayscale color gradient on the original 
XI-X7 scale to a specified RGB (red, blue, green) color (C), the segmented process results (D), the edge detection method (E), and the classification results (F). 
Abbreviations: XI, osteoporotic; X2, osteopenia; X3, normal bone density; X4, increase bone density; X5-X7, high bone density. 



measurement time of 0.5 run and 4 seconds, respectively. Zinc 
was determined at a wavelength of 213.9 nm, lamp current 
75%, and a band pass and measurement time of 0.2 nm and 
4 minutes, respectively. Both calcium and zinc concentrations 
were expressed in mg/L. 

Histology 

Bones were fixed in 10% neutral formalin for 3 days, during 
which the formalin was changed every 24 hours. The bones 
were transferred to 80% formic acid for decalcification for 1 
week, then embedded in paraffin and cut into longitudinal sec- 
tions of 5 |im thickness. The sections were stained with hema- 
toxylin and eosin and later viewed under a light microscope. 

Immunohistochemistry 

Immunohistochemistry to detect the presence of a nuclear 
antigen was performed following a previously reported proce- 
dure, 16 with some modifications. Bone sections were mounted 



on gelatin-coated glass slides, deparaffinized in three changes 
of xylol, dehydrated in graded alcohol, and then washed with 
distilled water. The sections were placed in 10 mM citrate 
buffer, pH 6.0, for 10 minutes at 50 W in a microwave, then 
cooled at room temperature for 5 minutes. Nonspecific bind- 
ing was covered using 5% bovine serum albumin (BSA). Sec- 
tions were then incubated using hydrogen peroxide (3%) for 
30 minutes to block endogenous peroxidase activity and were 
then washed in phosphate buffered saline containing 0.2% 
solution of Tween-20 and distilled water. PC 10 monoclonal 
antibody (DakoCytomation, Copenhagen, Denmark) was used 
as the primary antibody for 1 hour at a ratio of 1 :200 then 
rinsed in phosphate buffered saline and reacted with polyclonal 
rabbit anti-mouse secondary antibody for 1 0 minutes at room 
temperature. The peroxidase reactions were developed in 3,3 
diaminobenzidine in chromagen solution (DakoCytomation, 
Copenhagen, Denmark), counterstained with methylene blue 
for 2 minutes, and finally, the sections were cleared in xylene 
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Table I Bone mass density of the femur in g/cm 3 and diameter 
of the shaft in the distal 20% (RJ and central 50% (F 50 ) in 
ovariectomized rats treated with GBR and its bioactives, estrogen, 
or Remifemin® for a period of 8 weeks 



Groups (mg/kg) d = (w,/w,-w 2 ) F M (mm 2 ) F 50 (mm 2 ) 
x P 



ovx 


2.25 


± 0. 1 3 b 


3.18 + 


0.17" 


3.31 


+ 


0. 1 2 d 


ASG 100 


3.41 


± 0.84 a b 


4.04 ± 


0.52 bc 


3.47 


+ 


0.04 bc 


Abo ZUU 


3.7 1 


± 0.59 a 


4.61 ± 


0. 1 2 ib 


3.54 


+ 


0.02 lb 


EST 0.2 


3.90 


± 0.69 a 


4.68 ± 


0.06 a 


3.56 


+ 


0.05 lb 


GABA 100 


3.38 


± 0.69» b 


3.72 ± 


0.20 c 


3.42 


+ 


0.03 bc 


GABA 200 


3.56 


± 0.90» b 


4.03 ± 


0.1 8 bc 


3.45 


+ 


0.04 bc 


GBR 100 


3.03 


± 0.76 ib 


4. 16 ± 


0.09 bc 


3.47 


+ 


0.0 1 bc 


GBR 200 


3.45 


± 0.54 ib 


4. 19 ± 


0.20 bc 


3.51 


+ 


0.03 bc 


ORZ 100 


3.41 


± 0.85 a b 


4.22 ± 


0.25 bc 


3.49 


+ 


0.02 bc 


ORZ 200 


3.88 


± 0.52 1 


4.68 ± 


0.03" 


3.56 


+ 


0.02 lb 


REM 10 


2.83 


± 0.49" b 


4. 10 ± 


0.1 4 bc 


3.39 


+ 


0.04= 


REM 20 


3.46 


± 0.53 ib 


4.25 ± 


0.1 3 bc 


3.49 


+ 


0.02 bc 


Sham 


3.88 


± 0.29 1 


4.70 ± 


0.04" 


3.64 


+ 


0.03" 



Notes: Values are expressed as mean ± standard deviation for six readings. a ~ d Levels 
not annotated by the same superscript letter are significantly different (P < 0.05). 
Abbreviations: ASG, acylated steryl glucosides; d, is the bone mass density as g/cm 3 ; EST, 
estrogen; GABA, gamma amino-butyric acid; GBR, germinated brown rice; ORZ, gamma 
oryzanol; OVX, ovariectomized; P, density of distilled water as a given temperature and 
expressed as g/cm 3 ; REM, Remifemin®; w, weight; w., weight in air; w ; , weight in water. 

and coverslipped for examination under the light microscope. 
Images were captured at strategic locations on the slide using 
an image analyzer (Analysis LS Research) attached to the 
microscope (Olympus BX5 1 , Japan). 

Statistical analysis 

Data are presented as mean ± standard deviation. Differences 
were determined by one-way analysis of variance (ANOVA) 



and mean comparison by Tukey-Kramer post hoc test, 
using JMP10 statistical software (SAS, Cary, NC, USA). 
Differences were considered significant at P < 0.05. 

Results 

The diameter of the femur in the distal Vi in the sham non- 
ovariectomized group, and the ovariectomized groups treated 
with 0.2 mg/kg estrogen, 200 mg/kg ASG, GBR, or ORZ 
was significantly higher compared to the ovariectomized, 
nontreated group (P < 0.05). The diameter of the femur in the 
distal V* in the ovariectomized, nontreated group and groups 
treated with ORZ 200 mg/kg and estrogen 0.2 mg/kg was 
significantly higher (P < 0.05) compared to the nontreated 
group (Table 1). 

The bone densities of the sham nonovariectomized 
group and groups treated with estrogen 0.2 mg/kg, and 
ORZ, ASG, GABA each at 200 mg/kg, and Remifemin® 
20 mg/kg were significantly higher compared to the ovari- 
ectomized, nontreated group (P < 0.002, P < 0.03, and 
P < 0.01, respectively). The other treated groups expressed 
a higher density than the nontreated group although not 
significantly (P > 0.05) when using Archimede's principle 
(Table 1). The X-ray edge detection technique yielded the 
following percentage increase in bone formation in these 
groups: ASG 200 mg/kg, 0.38%; estrogen 0.2 mg/kg, 
1.55%; GABA 200 mg/kg, 0.02%; ORZ 200 mg/kg, 0.6%; 
Remifemin® 20 mg/kg, 0.04%; and SHAM, 0.28%. These 
treatment groups showed an increase in BMD and fell 
under the X4 scale of classification (Table 2). A significant 
correlation was observed between densities obtained using 



Table 2 X-ray ed; 


>e detection showing density grading and fractional 


composition of bones 


in the image 


after 8 weeks 


of oral 


intervention with GBR and its bioactives, estrogen, or 


Remifemin® in ovariectomized rats 








Treatment 


XI 


X2 


X3 


X4 


X5 


X6 


X7 


groups (mg/kg) 
















OVX 


0.999788 


0.000212 


0 


0 


0 


0 


0 


ASG 100 


0.8806 


0.1 162 


0.0032 


0 


NA 


0 


0 


ASG 200 


0.6348 


0.3078 


0.0535* 


0.0038* 


0 


0 


0 


EST 0.2 


0.6298 


0.2903 


0.0644* 


0.0155* 


0 


0 


0 


GABA 100 


0.969862 


0.029301 


0.000837 


0 


0 


0 


0 


GABA 200 


0.4916 


0.4477 


0.0604* 


0.0002* 


0 


0 


0 


GBR 100 


0.869948 


0.125085 


0.004967 


0 


0 


0 


0 


GBR 200 


0.853463 


0.124423 


0.0221 14* 


0 


0 


0 


0 


ORZ 100 


0.85202 


0.147502 


0.000478 


0 


0 


0 


0 


ORZ 200 


0.6059 


0.323 1 


0.0651* 


0.0060* 


0 


0 


0 


REM 10 


0.882064 


0.1 13841 


0.004095 


0 


0 


0 


0 


REM 20 


0.872541 


0.107377 


0.019672* 


0.00041* 


0 


0 


0 


SHAM 


0.61 13 


0.3362 


0.0497* 


0.0028* 


0 


0 


0 



Notes: Scale XI-X7 showing an increase in bone density with higher values in XI indicating more porous bone, values in X3 showing the normal bone constituents, and 
values in X4 showing a percentage quantitative increase in new bone formation (groups treated with ASG 200 mg/kg, 0.38%; EST 0.2 mg/kg, 1.55%; GABA 200 mg/kg, 
0.02%; ORZ 200 mg/kg, 0.6%; REM 20 mg/kg, 0.04%; and SHAM, 0.28%). ^Represents a statistically significant difference when compared to ovariectomized, nontreated 
groups (P < 0.05). 

Abbreviations: ASG, acylated steryl glucosides; EST, estrogen; GABA, gamma amino-butyric acid; GBR, germinated brown rice; ORZ, gamma oryzanol; OVX, ovariectomized; 
REM, Remifemin®; XI, osteoporotic; X2, osteopenia; X3, normal; X4, increase bone density; X5-X7, high bone density; NA, not available. 
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Table 3 Pearson correlation between the results of bone 
density measurements using Archimede's principle versus X-ray 
morphometry and edge detection technique 



Archimede's principle 
versus X4 (all groups) 
Archimede's principle 
versus X3 (all groups) 
Archimede's principle 
versus X4 (only significant groups) 



Pearson correlation R = 0.43 1 

P-value = 0.142 

Pearson correlation R = 0.737 

P-value = 0.004 

Pearson correlation R = 0.710 

P-value = 0. 1 79 



Archimede's principle and those obtained in X3 (bone den- 
sity values in class 3 grading using X-ray morphometry) 
(R 2 = 0.737, P = 0.004); a nonsignificant correlation was 
observed between the two methods in groups that showed a 
significant increase in bone formation (R 2 = 0.7 1 0, P = 0. 1 79) 
(Table 3). 

The weight of the femur bone immediately after sacrifice 
of rats (wet weight) in the ovariectomized, nontreated group 
was significantly lower (P < 0.05) than in the sham and other 
treated groups (Table 4). Bone ash weight was higher in the 
sham group and groups treated with 0.2 mg/kg estrogen, 
ASG 200 mg/kg, and ORZ 100 mg/kg and 200 mg/kg, and 
significantly different (P < 0.05) from that of the ovariec- 
tomized, nontreated group and the other treatment groups, 
as shown in Table 4. 

Bone calcium content in the ovariectomized, nontreated 
group was significantly lower (P < 0.05) than that in sham 
and all ovariectomized treated groups. No significant dif- 
ference in terms of calcium content was observed in groups 
treated with estrogen 0.2 mg/kg, GBR 200 mg/kg, ASG 



100 mg/kg and 200 mg/kg, ORZ 100 mg/kg and 200 mg/kg, 
GABA 200 mg/kg, and the sham nonovariectomized group 
(P > 0.05) (Table 4). 

Bone zinc concentration was significantly lower in the 
ovariectomized, nontreated group when compared to the 
sham and all treated groups (P < 0.05). The concentra- 
tion increased significantly (P < 0.05) in groups treated 
with estrogen 0.2 mg/kg, Remifemin* 10 mg/kg, ASG 
200 mg/kg, GABA 200 mg/kg, ORZ 100 mg/kg and 
200 mg/kg compared to the sham nonovariectomized group, 
as shown in Table 4. 

There was significant difference in the levels of serum 
alkaline phosphatase (ALP) between 2 weeks and 8 weeks 
after treatment in the group treated with ASG 100 mg/kg 
compared to the ovariectomized, nontreated group and other 
treatment groups: P < 0.05. During the fourth week after 
treatment, a significant difference was observed between 
sham nonovariectomized rats and the group treated with 
Remifemin® 10 mg/kg (P < 0.0451) (Table 5). 

Serum calcium concentrations were significantly dif- 
ferent between treated groups in the eighth week only after 
commencement of treatment (P = 0.000 1 ). There was no sig- 
nificant difference between the treated groups in the second 
and fourth week (P = 0.9390 and P = 0.8948, respectively) 
(Table 5). 

Serum zinc concentrations showed a significant 
increase in the sham nontreated group, ORZ 200 mg/kg, 
and GBR 200 mg/kg 2 weeks after treatment compared 
to ovariectomized, nontreated and other treated groups 



Table 4 Wet and ash weight, calcium and zinc concentrations of femur bone of ovariectomized rats treated with estrogen, Remifemin®, 
and germinated brown rice and its bioactives 



Groups 
(mg/kg) 


Wet weight 
(g) 


Ash weight 

(Tig) 


Calcium concentration 
(mg/L) 


Zinc concentration 
(mg/L) 


ovx 


0.83 ± 0.06 b 


277 ± 2.82= 


1 1.81 ±0.08 de 


0.28 ± 0.03 f 


ASG 100 


0.91 ±0.03" 


370.5±2.l2 ab 


1 3.09 ± 0.04" 


0.48 ± 0.0 l c 


ASG 200 


0.99 ± 0.03* 


395 ± 2.82 a 


13.15 ±0.25" 


0.54 ± 0.0 l b 


EST 0.2 


0.99 + 0.05» 


437.5 ± 2. 12 a 


1 3.42 ± 0.06" 


0.54 ± 0.0 l b 


GABA 100 


0.93 + 0.02> 


296.5 ±2. 12 


1 l.99±0.0h b 


0.42 ± 0.0 l d 


GABA 200 


0.95 ±0.01 ' 


335.5 ± 3.53 ab 


12.15 ±0.06" 


0.56 ± 0.0 l b 


GBR 100 


0.92 + 0.02> 


352 + 2.82 ab 


12.73 ± 0.02" 


0.37 ± 0.0 l e 


GBR 200 


0.96 ± 0.0 \' 


364.5 ± 3.53 ab 


12.80 ±0.01" 


0.47 ± 0.02 e 


ORZ 100 


0.91 ±0.04> 


405 + 2.82> 


I3.l7i0.0l" 1 


0.61 ±0.01" 


ORZ 200 


0.98 + 0.06 a 


421 + 1.41' 


1 3.29 ± 0.02" 


0.62 ±0.0 1" 


REM 10 


0.92 + 0.04> 


337.5 ± 2. 1 2 ab 


1 2.89 ± 0.10" 


0.62 ±0.0 1" 


REM 20 


0.97 + 0.03> 


381.5 ±3.53"' b 


12.93 ±0.06'" 


0.29 ± 0.04 f 


SHAM 


1.01 ±0.13" 


459.5 ± 2. 12 a 


1 3.45 ± 0.08" 


0.42 ± 0.0 l d 



Notes: Values are the mean + standard deviation for six readings. a f Levels not denoted by the same superscript letter are significantly different (P < 0.05). 
Abbreviations: ASG, acylated steryl glucosides; EST, estrogen; GABA, gamma amino-butyric acid; GBR, germinated brown rice; ORZ, gamma oryzanol; OVX, ovariectomized; 
REM, Remifemin®. 
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(P < 0.0001) (Table 5). After 4 weeks of treatment, serum 
zinc concentration in groups treated with GABA 200 mg/kg, 
estrogen 0.2 mg/kg, and GBR 200 mg/kg were significantly 
different compared to other treatment groups (P < 0.0001), 
as shown in Table 5. Zinc concentrations in the nonova- 
riectomized (sham) group and groups treated with GABA 
200 mg/kg and estrogen 0.2 mg/kg in the eighth week dif- 
fered significantly from those of the other treatment groups 
(P< 0.0001) (Table 5). 

Bone histology 

Histologically, the sham nonovariectomized group 
showed a normal bone cell configuration with more 
osteocytes and minimal osteoblastic activity compared 
to ovariectomized, nontreated group (Figure 3A). The 



ovariectomized, nontreated rats showed vacuolation in the 
bone marrow, reduced marrow and osteogenic activity, 
complete absence of osteoblasts, reduced bone density, 
and marked degenerative changes (Figure 3B), while the 
group treated with estrogen showed an increase in bone 
formation with minimal marrow activity and osteoblast 
entrapment at the margins (Figure 3C). Similarly, the 
Remifemin*-treated group showed evidence of an increase 
in new bone formation (Figure 3D). The GBR-treated 
group showed active proliferation of new bone cells (Fig- 
ure 3E) and the ASG-treated group showed bone marrow 
with lymphoblastic cells with some proteinaceous fluid. 
Osteocytes were entrapped at the margin. Active osteo- 
blasts at the margin were in the process of converting to 
osteocytes, showing active bone formation and increased 




Figure 3 Histological slides showing hematoxylin and eosin staining of bone tissue. 

Notes: Sham group, shows normal bone cell configuration, more osteocytes, and minimal osteoblastic activity (A). Ovariectomized rats without treatment show vacuolation 
in bone marrow, reduced marrow and osteogenic activity, complete absence of osteoblasts, reduced bone density, and marked degenerative changes (B). The EST-treated 
group shows increased bone formation with minimal marrow activity and osteoblast entrapment at the margins (C). Remifemin®-treated rats show evidence of new bone 
formation (D). GBR-treated rats, show active proliferation of new bone (E). The ASG-treated group shows bone marrow with lymphoblastic cells with some proteinaceous 
fluid (the dark purple nuclei indicate an increase in marrow activity which manifests in active bone formation) (F). Osteocytes are entrapped at the margin. Active osteoblasts 
at the margin are seen converting to osteocytes, showing active bone formation and increased bone density. Hematopoietic cells, mature osteocytes, and osteoblasts are 
present. The GABA-treated group show evidence of active bone formation (G). ORZ-treated rats, show an increase in osteoblastic activity and an increase in new bone 
formation (H) (magnification x200). 

Abbreviations: ASG, acylated steryl glucosides; EST, estrogen; GABA, gamma amino-butyric acid; GBR, germinated brown rice; ORZ, gamma oryzanol; REM, 
Remifemin 8 . 
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bone density (Figure 3F). Hematopoietic cells, mature 
osteocytes, and osteoblasts were present. The GABA- 
treated group also showed evidence of active bone forma- 
tion (Figure 3G), and the ORZ-treated group showed an 
increase in osteoblastic activity and an increase in new 
bone formation (Figure 3H). 

Immunohistochemistry 

Immunohistochemistry of the bone tissue gave weak posi- 
tive staining, indicating new bone formation in all treated 
groups, and the reaction was more prominent in the groups 
treated with estrogen, remifemin, and ASG (Figure 4C, D 
and F). While groups treated with GBR, GABA and ORZ 
showed a milder reaction (Figure 4E, G and H). The sham 
and OVX-untreated groups both showed a very little or no 
reaction (Figure 4 A and B). 



Discussion 

It was evident in this study that GBR bioactives increased 
bone density. To the best of our knowledge this is the first 
report on the effects of GBR on BMD and the application 
of the X-ray edge detection technique in the measurement 
of bone density. 

Our results using the edge detection technique quantified 
the increase in percentage of bone formation in the individual 
treatments, and the results were highly correlated with those 
obtained using the standard Archimede's principle. 

The ovariectomized, nontreated rats showed a decrease 
in BMD. Ovariectomy is known to stimulate oxidative stress 
and interfere with the antioxidant system in rats. 17 This leads 
to an increase in the level of oxidative stress markers such 
as hydrogen peroxide, which is highly indicative of bone 
loss in estrogen shortage 18 and also tumor necrosis factor 




Figure 4 Immunohistochemical staining of polyclonal nuclear antigen-positive cells in bone tissue. 

Notes: The groups treated with EST (C), Remifemin® (D), and ASG (F) showed more prominent polyclonal nuclear antigen positive reaction than the other groups (shown 
by black arrows). The GBR- (E), GABA- (G), and ORZ-treated rats (H) showed a milder polyclonal nuclear antigen reaction compared to the other groups. Images shown 
are the sham group (A), ovariectomized, nontreated group (B), EST-treated group (C), Remifemin®-treated group (D), GBR-treated group (E), ASG-treated group (F), 
GABA-treated group (G), and ORZ-treated group (H) (magnification x200). 

Abbreviations: ASG, acylated steryl glucosides; EST, estrogen; GABA, gamma amino-butyric acid; GBR, germinated brown rice; ORZ, gamma oryzanol. 
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alpha, which is generated as a result of the low level of thiol 
antioxidants within bone cells. 19 " 21 Our data show that GBR 
bioactives, specifically ASG, GABA, and ORZ, increased 
the BMD to a level almost the same as that of the sham 
nonovariectomized group. GABA and ORZ from GBR have 
been shown to upregulate genes related to bone formation in 
ovariectomized rats. 22 Serum ALP activity increased in the 
ovariectomized, nontreated group and other treatment groups 
especially during the fourth week after ovariectomy. This 
might be due to an increase in the rate of bone metabolism, 
especially a few days after ovariectomy, and an increase in 
osteogenic activity in the treated groups. An increase in 
ALP was also reported in ovariectomized rats treated with 
soy isofiavones. 23,24 ALP is known as a prominent marker 
of bone formation. 25 Bone remodeling involves both bone 
formation and resumption in a coupling effect, 26 which might 
explain the increase in the activity of ALP in ovariectomized 
rats. Serum and bone calcium level, bone wet weight, and 
the ash content of the bone decreased in the ovariectomized, 
nontreated group due to a decrease in estrogenic activity, 
which in turn affected the bone mass and constituency, 
calcium content, and zinc concentration. Treatment with 
ORZ, GABA, and ASG at 200 mg/kg restored the values 
of these parameters to the same level or higher than in the 
sham nonovariectomized group. This gives a clear indication 
that these bioactives are fully involved in osteogenesis. The 
decrease in zinc concentration observed in ovariectomized, 
nontreated rats has also been reported by other researchers 
in low estrogenic conditions of menopausal women and in 
ovariectomized rats. 27,28 This decrease in zinc concentra- 
tion is due to oxidative stress, and zinc is known to play a 
major regulatory role in the action of antioxidant enzymes. 29 
Treatment for 8 weeks with GBR bioactives increased the 
level of zinc in bone tissue to a level higher than that in the 
control sham nonovariectomized rats and groups treated with 
ORZ, ASG, estrogen, and Remifemin*. It has been reported 
that zinc is a potent inhibitor of osteoclastogenesis and is an 
osteoblast stimulator in vitro. 30 - 31 Zinc is known to stimulate 
protein synthesis, and its role in bone formation and in 
preserving bone mass is greater than that of bone regulating 
hormones. 32 Histology and the polyclonal nuclear antigen 
reactions showed evidence of active bone formation with new 
bone cells in their active proliferation stage. 

Conclusion 

This study indicates that the increase in BMD and 
osteoprotective effect of GBR bioactives might involve 
the activation of zinc formation and increased calcium, 



coupled with an increase in ALP, which together increase 
osteoblastic activity and subsequently bone formation. 
However, this proposed mechanistic effect requires fur- 
ther clarification, and more research is needed to address 
the molecular mechanism of zinc stimulation by GBR 
bioactives. 
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